In the early stages of a construction project, the most important thing is to predict construction costs in a rational way. For this reason, many studies have been performed on the estimation of construction costs for apartment housing and office buildings at early stage using artificial intelligence, statistics, and the like. In this study, cost data held by a provincial Office of Education on elementary schools constructed from 2004 to 2007 were used to compare the multiple regression model with an artificial neural network model. A total of 96 historical data were classified into 76 historical data for constructing models and 20 historical data for comparing the constructed regression model with the artificial neural network model. The results of an analysis of predicted construction costs were that the error rate of the artificial neural network model is lower than that of the multiple regression model.
Introduction
The importance of predicting construction cost at the initial phase of a construction project has been emphasized, as it affects the decision-making of the owners [1] . But the prediction of construction cost is made after the basic design is completed at the initial phase of a construction project based on knowledge and experience that has previously been accumulated [2] . For this reason, the success of a construction project depends on an accurate prediction of the construction cost, and for this reason, many related studies have been conducted [3] .
Traditionally, statistical models [4, 5] including regression analysis models [6, 7, 8] , have mainly been construction field, and the applicability of a neural network to the construction field has been studied [9, 10] In addition, there have been some studies in which the neural network was employed to improve the accuracy of prediction and overcome the restrictions of a regression analysis model in construction cost prediction [11, 12, 13, 14] . In particular, it was found that for cost prediction, a neural network model was superior to a regression analysis model [15, 13, 16, 17] . Studies on construction cost prediction were conducted by applying either a regression analysis model [3] or an artificial neural network model [18, 19] 
Literature Review
Studies on construction cost prediction for school facilities, through either the regression analysis or through the artificial neural network method, are indicated in Table 1 . As presented in Table 1 , there have been some studies that were similar to this one, but the research conducted by Kim et al. [3] was about a BTL project for an educational facility ordered by Gyeonggi Educational Office, and the regression analysis was employed in the model building. In this study, the actual data was restricted to Build-Transfer-Lease (BTL) projects, and the construction cost was estimated based on classroom space and project size for all of the elementary, middle and high schools.
The research conducted by Kim and Son [18] was on a BTL project for an educational facility, and the artificial neural network model was employed.
However, the construction duration was one of the input variables and construction cost index was applied to the actual construction cost, which is believed to have been an error; however, this study is differentiated as the accuracy of the artificial neural network model was the main subject of this research, rather than the building of an artificial neural network model. In addition, there is the study done by Son et al. [19] , which has the most in common with this study. In this study, the actual data of 14 BTL 
Regression analysis
According to the research performed by Kim [20] Therefore, the regression analysis function is comprised of a dependent variable and one or more independent variables, and a multiple regression analysis having two or more independent variables can be expressed as Eq.(1)
Here, Y is a dependent variable, Xn is an independent variable, and C is a constant. The studies in Table 2 are on construction cost estimation using a statistical method. Author Major research Kim [7] A construction cost estimating model for apartment housing projects at the early stage using regression analysis and standard index of trades Kim [4] Combination cost estimating methodology using Statistical methods and costing methods for apartment housing project proposed Choi [8] Comparing unit cost estimation with regression analysis technique in SRC type high rise building Ahn and Kang [22] A cost estimating model using regression analysis technique was developed for cost estimation of apartment housing underground parking lot projects in the early stage Lee et al. [23] Identifying problems in advance of the process and the costs at the early stage by predicting final costs using regression analysis Jung et al. [24] A regression model was presented for cost estimation in the early stage according to specific cost components of military facilities . Hyun and Moon [25] A model was proposed for estimating the range of construction and construction costs at the project planning stage of public affairs buildings using regression analysis Lee et al. [26] A conceptual regression analysis model was proposed that establishes a new approach for functional area cost estimation in the schematic design phase. Kim et al. [3] According to the spatial planning of educational facilities for BTL projects, cost prediction regression models were proposed 
Artificial neural network (Artificial

Author
Major research Kim and Koo [14] Comparing neural network model with regression model in estimating costs of office building Park et al. [16] A neural network cost prediction model for apartment housing projects at the project planning stage was presented Kim and Kang [28] A construction prediction model adapted a genetic algorithm for improving accuracy in apartment housing projects Kim and Kang [29] A method for improving generalization of neural networks by optimizing NN's architecture and parameters using genetic algorithms in cost estimation for an apartment housing project Kim et al. [30] Comparing the accuracy of the predicted cost of apartment houses using case-based reasoning and artificial neural network techniques Kim et al. [17] Comparing the accuracy of cost prediction models based on neural networks and genetic algorithms in apartment housing projects at the project planning stage Kim and Son [18] Artificial neural network model proposed for estimating educational facilities at the project concept stage Kim and Ahn [31] The effects of selection methods of input variables and the number of data on the accuracy of cost estimation using neural networks (NNs) in apartment housing projects were examined Son et al. [19] Artificial neural network model for predicting BTL educational facilities constructed Table 3 . Literatures review on artificial neural network cost prediction in korea
As presented in Figure 2 , the structure of the neural network consisted of input layer, hidden layer and output layer. More specifically, variables As the transfer function, sigmoid function is mainly used [27] , and here, momentum and bias are additional parameters. The artificial neural network method is in wide use in diverse industries, and it is utilized for design, structure, construction, facility and environment in the construction industry as well. The actual data collected are converted into the present value as of 2011 (the point of time for which construction cost index is presented) due to their time difference, and Table 5 were randomly extracted from 96 data, and categorized for model validation, and the rest were applied in the model building. To build the construction cost prediction model for the elementary school facilities using regression analysis, the regression equation was derived through elimination according to the input method of independent variables. That is, after all the independent variables were considered for the estimation model, the independent variables that made a low contribution to explaining the dependent variables were eliminated, starting at the lowest, until there were no variables that failed to meet the contribution set in advance, and the final model was determined based on the remaining variables. Table 7 indicates the regression model summary, and R 2 of the explanatory variable was 0.860, which gives a good explanation for the dependent variable. The independent variable, BTL, was eliminated in the model, and significance of F change was 0.000, which is shown to be statistically significant. Table 8 As presented in Figure 4 and Table 12 , the average error rate and the standard distribution of the regression analysis model stood at 10.02% and 6.30, respectively, while the average error rate and the standard distribution of the artificial neural network model stood at 7.99% and 5.51, respectively, based on which it was revealed that the prediction of the artificial neural network is superior to that of the regression analysis model. This is similar to the results of previous studies on apartment buildings or commercial buildings. 
